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CLASH observations
HST 524 orbits: 25 clusters, each imaged in 
16 passbands. (0.23 – 1.6 μm) ~20 orbits 
per cluster. 

CLASH observations are complete - Last 
HST images were taken July 2013.

Chandra+XMM x-ray archival data 
+some new proposals (0.5 – 7 keV) 

Spitzer Space Telescope archival and new 
cycle 8 data (3.6, 4.5 μm)

SZE observations (Bolocam, Mustang) to 
augment existing data (sub-mm)

Subaru/Suprime-Cam wide-field imaging 
(0.4 – 0.9 μm), mostly 5 at least 3 bands

VLT, LBT, Magellan, MMT, Palomar Spectra
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CLASH strong lensing

Multiple image system identification using Zitrin 2009

Example:
MACS J 1206

cyan: pre-CLASH
green: post-CLASH

Identifications 
for all CLASH 
clusters now

Zitrin & CLASH 2014
arXiv tomorrow

Redshifts from
literature + CLASH 
spec., or 16-band

photo-zs



CLASH Subaru weak lensing
Umetsu KSB+

pipeline
Medezinski CC-

selection

10 J. Merten & The CLASH collaboration

Figure 4. Shear profiles for the final ellipticity catalogs of 20 X-ray selected CLASH clusters. In the case of Abell 1423 and CL J1226

these catalogs derive from HST/ACS images only. All other cases show combined HST/ACS and Subaru catalogs. The top plot of each

panel shows the tangential shear profile, the bottom plot the cross shear profile with respect to the cluster center defined in Table 1. 1-σ
error bars were derived from 250 bootstrap resamplings of each input catalog.

4.3. From Convergence Maps to NFW Profile
Parameters

Additional steps are needed to go from non-parametric
maps of the surface-mass density distribution to an ac-
tual NFW fit of the halo. First, since we are interested
in 1D density profiles, we apply an azimuthal binning
scheme, with a bin pattern that follows the adaptive res-
olution of our multi-scale maps. The initial bin is limited
by the resolution of the highest refinement level of the
convergence grid (compare Table 5) and the outer-most
bin is set to a physical scale of 2 Mpc/h for each halo.
We split the radial range defined by the two thresholds
into 15 bins. An example for the cluster MACS J1720

is shown in Fig. 5. An exception is CL J1226 with no
available wide-field data from the ground, where we were
limited to a maximum radius of 1.2 Mpc/h and where
we divided the radial range into 11 bins. The center for
the radial profile is the dominant peak in the conver-
gence map. We applied this binning scheme to all 1000
convergence realizations for each cluster and derived the
covariance matrix for the convergence bins. Both the
convergence data points and the convergence matrix are
shown in Fig. 15.
To the convergence bins and the corresponding covari-

ance matrix we fit a NFW profile given by Eq. 1. We
numerically project the NFW profile on a sphere along
the line-of-sight and thereby introduce the assumption

Umetsu & CLASH 2012/14, Medezinski & CLASH 2014



CLASH HST weak lensing

special ACS WL 
reductions

single visit, 
detector frame

CTI corrected 
by STScI

RRG pipeline for 
shape 

measurement

Background 
selection from 

16-band 
photo-zs

Medezinski & CLASH 2014,
 JM & CLASH 2014, Zitrin & CLASH 2014
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Test Facility: SkyLens

with Massimo 
Meneghetti

Meneghetti, Rasia, JM et al 2010

Realistic lensing 
scenario via ray-

tracing HUDF through 
hydro simulations

Treat output CCD 
images as real data 

and use your 
favourite pipeline

Example: MACS1206

Tuesday, October 23, 12



SaWLens Test: Sims
7 Weighing simulated galaxy clusters

Figure 7.7: The projection along the z-axis of the cluster . The side length of the square
field is 1280��, refering to ∼ 4 h−1 Mpc at the cluster’s redshift. The left panel shows the
original density map of the simulation. The right panel shows the according convergence
map as it is obtained by the nonparametric reconstruction method, combining weak and
strong lensing. The contours start at κ = 0.09 with a linear spacing of ∆κ = 0.17.

Error bars were attached to the measurements by sampling the weak-lensing catalogues
with 24 bootstrap realisations. Since the reconstructions have to be rerun for each boot-
strap, we performed the reconstructions on a lower resolutions of 32 × 32 pixels, refering to
refinement level 0. The errors were obtained from the scatter in the resulting convergence
maps.

7.4 Comparing the results

In the last section, we introduced three different lensing methods to recover the mass profiles
from the simulations and we saw how the different approaches make use of the input data.
As an example, the recovered mass profiles for one cluster projection were given in Figs. 7.4,
7.5. What we are now interested in, is how the different methods perform on average, while
reconstructing the complete cluster sample.

One should never forget, that lensing probes the projected 2D surface-mass density along
the line-of-sight. In order to obtain the full 3D mass-profile, like e.g. X-ray techniques do,
one has to make e.g. the assumption of a spherically symmetric lens and deproject the lens-
ing profiles accordingly. To compare the lensing results with realistic X-ray simulations, per-
formed in Meneghetti et al. (2009), we follow this idea. We used the
( ) (Gardini et al., 2004; Rasia et al., 2008) to produce for all clusters realistic X-ray images
as they would be seen with the X-ray satellite. This provides the basis to compare
deprojected lensing and X-ray results on the grounds of realistic simulations .
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7.4 Comparing the results

Figure 7.8: As Fig. 7.7 but for the y-axis projection of .

Figure 7.9: As Fig. 7.7 but for the x-axis projection of .
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SaWLens Test: Sims

7 Weighing simulated galaxy clusters

Figure 7.10: The projection along the z-axis of the cluster . The side length of the square
field is 1900��, refering to ∼ 4.9 h−1 Mpc at the cluster’s redshift. The left panel shows the
original density map of the simulation. The right panel shows the according convergence
map as it is obtained by the nonparametric reconstruction method, combining weak and
strong lensing. The contours start at κ = 0.09 with a linear spacing of ∆κ = 0.17.

Figure 7.11: As Fig. 7.10 but for the y-axis projection of .
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7 Weighing simulated galaxy clusters

Figure 7.10: The projection along the z-axis of the cluster . The side length of the square
field is 1900��, refering to ∼ 4.9 h−1 Mpc at the cluster’s redshift. The left panel shows the
original density map of the simulation. The right panel shows the according convergence
map as it is obtained by the nonparametric reconstruction method, combining weak and
strong lensing. The contours start at κ = 0.09 with a linear spacing of ∆κ = 0.17.

Figure 7.11: As Fig. 7.10 but for the y-axis projection of .
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SaWLens Test: Sims

7.4 Comparing the results

Figure 7.12: As Fig. 7.10 but for the x-axis projection of .

Figure 7.13: The projection along the z-axis of the cluster . The side length of the square
field is 1520��, refering to ∼ 4.65 h−1 Mpc at the cluster’s redshift. The left panel shows the
original density map of the simulation. The right panel shows the according convergence
map as it is obtained by the nonparametric reconstruction method, combining weak and
strong lensing. The contours start at κ = 0.09 with a linear spacing of ∆κ = 0.17.
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7 Weighing simulated galaxy clusters

Figure 7.14: As Fig. 7.13 but for the y-axis projection of .

Figure 7.15: As Fig. 7.13 but for the x-axis projection of .
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SaWLens Test: Sims

7.4 Comparing the results

Figure 7.12: As Fig. 7.10 but for the x-axis projection of .

Figure 7.13: The projection along the z-axis of the cluster . The side length of the square
field is 1520��, refering to ∼ 4.65 h−1 Mpc at the cluster’s redshift. The left panel shows the
original density map of the simulation. The right panel shows the according convergence
map as it is obtained by the nonparametric reconstruction method, combining weak and
strong lensing. The contours start at κ = 0.09 with a linear spacing of ∆κ = 0.17.
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7 Weighing simulated galaxy clusters

Figure 7.14: As Fig. 7.13 but for the y-axis projection of .

Figure 7.15: As Fig. 7.13 but for the x-axis projection of .
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SaWLens Test: Lensed SNe

http://www.spacetelescope.org/
news/heic1409/

MACS J1720

http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
http://www.spacetelescope.org/news/heic1409/
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SaWLens Test: Lensed SNe

http://www.spacetelescope.org/
news/heic1409/

Abell 383

RX J1532
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Lensed SNe
We found 3 lensed supernovae behind 

CLASH clusters

Two of them are of standardisable Type 1a

Patel, Iha, Rodney, Riess, JM et al. 2014
see also: Nordin, Atek, Perlmutter et al. 2014

multi-colour
light-curves:

gravitational
lensing:

Car: 1.0 +/- 0.2 mag
Did: 0.2 +/- 0.2 mag

Car: 0.83 +/- 0.16 mag
Did: 0.28 +/- 0.08 mag
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FIG. 10.— Magnification map for SN CLO12Car (z = 1.281) behind MACSJ1720.2+3536 (z = 0.391). The image shows an RGB false-color background based
on 12-band HST/CLASH optical and near-IR images of the cluster field. The location of the SN is marked with a white cross. The contours show the magnitude
increase induced by the lensing magnification (∆mµ = 2.5 log10 µ) of the cluster for a source at the SN redshift. The lensing magnification was derived from
weak and strong lensing constraints jointly, and computed using the SaWLens lensing reconstruction algorithm (Merten et al. 2009, 2011). Multiple images used
for the strong lensing constraints in this system will be presented by Zitrin et al. (in prep.).

templates (restricted to those with χ2/ν < 10). For the CC SN
templates, STARDUST calculates a magnitude offset ∆m

(shown also in Figure 7) that is required for the best match
of the template to the data, and we show this on the abscissa
of Figure 14.

Figure 14 shows that none of the models considered is si-
multaneously consistent with the light curve of SN CLA11Tib
and the predicted lensing magnification from Abell 383.

As shown in Figure 7, we found that the best-fitting CC SN
models were the SN Ic SDSS-017548 and the SN IIP SDSS-
015339. The SN Ic and SN IIP models had best-fit model
mJ = 23.42± 0.11 mag and mJ = 23.33± 0.11 mag, respec-
tively. The observed red color of SN CLA11Tib matches the
SN Ic model with no relative extinction, but the SN II model
requires AV = 1.2 mag. Including this, we find the unextin-
guished absolute magnitudes of the models are MR = −19.25±
0.11 mag (SN Ic) or MR = −20.45±0.11 mag (SN IIP). These
are quite bright for CC SNe, though some of this could be
a result of the lensing magnification. The peak MR required
by both models is much brighter than the original templates;
the SN SDSS-017548 and SN SDSS-015339 spectral energy
distributions have MR = −18.00 mag and MR = −18.53 mag,
respectively. The offset between the template and data (∆m;

Figures 7 and 14) is −1.25 mag for the SN Ic model and −1.92
mag for the SN IIP model. These would be our best estimates
for the lensing magnification based on the SN light curve, but
an abundance of caution is warranted, as these estimates as-
sume that SN CLA11Tib had the same intrinsic luminosity as
the best-fit template, a dubious proposition given the large lu-
minosity scatter of CC SNe (Li et al. 2011; Drout et al. 2011;
Kiewe et al. 2012).

Because of this, we cannot claim that there is any con-
sistency or inconsistency between the lensing prediction for
SN CLA11Tib and its brightness. If we assume the lens-
ing map is accurate, the light-curve shape and colors of
SN CLA11Tib roughly match a SN Ic that is similar to the
template SN SDSS-017548, and ∼ 0.8 mag more luminous,
well within the dispersion in SN Ic intrinsic luminosities.

5. DISCUSSION AND CONCLUSION

SN CLO12Car clearly represents our most exciting result.
We find that it is likely a SN Ia at z = 1.281, gravitation-
ally magnified by ∼ 1.0± 0.2 mag. The magnification de-
rived from two independent methods (the SN light curve
and the cluster lensing maps), were consistent to within 1σ.
SN CLO12Car is the first SN Ia which is both measurably
magnified (i.e., with ∆mµ > 0 at high significance) and for

13

FIG. 12.— Magnification map for SN CLN12Did (z = 0.851) behind RXJ1532.9+3021 (z = 0.345). Similar to Figure 10, the color image is based on CLASH
optical and near-IR images, with the SN location marked by a white cross and lensing magnification (∆mµ, in mag units) shown with red contours. Because
RX J1532 is a much weaker lensing cluster than either MACS J1720 or Abell 383, this map was derived using weak lensing constraints alone, computed with
the SaWLens algorithm (Merten et al. 2009, 2011). The resolution of the reconstructed map from weak-lensing constraints is much poorer than for the other two
clusters, so the displayed contours are heavily smoothed, and the Monte Carlo magnification estimate at the SN position is actually ∆mµ = 0.28±0.08 mag.

tions in program GO-13396, PI S. Rodney). SNe Ia were the
key to the discovery the accelerating Universe; perhaps grav-
itationally lensed SNe Ia will play a starring role in further
illuminating the dark Universe, probing not just dark energy,
but dark matter as well.
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FIG. 13.— Magnification map for SN CLA11Tib (z = 1.143) behind Abell 383, similar to Figures 10 and 12, computed from the SaWLens algorithm (Merten
et al. 2009, 2011) from strong and weak lensing constraints. The strong lens multiple images in this system were presented by Zitrin et al. (2011).

FIG. 14.— Reduced χ2 (with 11 degrees of freedom) versus magnitude offset for SN CLA11Tib. The magnitude offset is a proxy for ∆mµ from the light-curve
fit model, as described in the text. The cumulative probability for a given χ2

ν value is displayed on the right-hand side. The blue shaded region corresponds to
the 1σ range of ∆mµ derived from the lensing map in Figure 13. The black and blue points correspond to SN Ib/c and SN II models, respectively, while the red
(SALT2) and magenta (MLCS2k2) points are the best-fit SN Ia models. None of these models is consistent with both the SN light curve and the lensing map
magnification prediction, but the CC SN templates do not span the full range of CC SN luminosities and light curves.
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mag for the SN IIP model. These would be our best estimates
for the lensing magnification based on the SN light curve, but
an abundance of caution is warranted, as these estimates as-
sume that SN CLA11Tib had the same intrinsic luminosity as
the best-fit template, a dubious proposition given the large lu-
minosity scatter of CC SNe (Li et al. 2011; Drout et al. 2011;
Kiewe et al. 2012).

Because of this, we cannot claim that there is any con-
sistency or inconsistency between the lensing prediction for
SN CLA11Tib and its brightness. If we assume the lens-
ing map is accurate, the light-curve shape and colors of
SN CLA11Tib roughly match a SN Ic that is similar to the
template SN SDSS-017548, and ∼ 0.8 mag more luminous,
well within the dispersion in SN Ic intrinsic luminosities.

5. DISCUSSION AND CONCLUSION

SN CLO12Car clearly represents our most exciting result.
We find that it is likely a SN Ia at z = 1.281, gravitation-
ally magnified by ∼ 1.0± 0.2 mag. The magnification de-
rived from two independent methods (the SN light curve
and the cluster lensing maps), were consistent to within 1σ.
SN CLO12Car is the first SN Ia which is both measurably
magnified (i.e., with ∆mµ > 0 at high significance) and for
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FIG. 12.— Magnification map for SN CLN12Did (z = 0.851) behind RXJ1532.9+3021 (z = 0.345). Similar to Figure 10, the color image is based on CLASH
optical and near-IR images, with the SN location marked by a white cross and lensing magnification (∆mµ, in mag units) shown with red contours. Because
RX J1532 is a much weaker lensing cluster than either MACS J1720 or Abell 383, this map was derived using weak lensing constraints alone, computed with
the SaWLens algorithm (Merten et al. 2009, 2011). The resolution of the reconstructed map from weak-lensing constraints is much poorer than for the other two
clusters, so the displayed contours are heavily smoothed, and the Monte Carlo magnification estimate at the SN position is actually ∆mµ = 0.28±0.08 mag.

tions in program GO-13396, PI S. Rodney). SNe Ia were the
key to the discovery the accelerating Universe; perhaps grav-
itationally lensed SNe Ia will play a starring role in further
illuminating the dark Universe, probing not just dark energy,
but dark matter as well.
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FIG. 13.— Magnification map for SN CLA11Tib (z = 1.143) behind Abell 383, similar to Figures 10 and 12, computed from the SaWLens algorithm (Merten
et al. 2009, 2011) from strong and weak lensing constraints. The strong lens multiple images in this system were presented by Zitrin et al. (2011).

FIG. 14.— Reduced χ2 (with 11 degrees of freedom) versus magnitude offset for SN CLA11Tib. The magnitude offset is a proxy for ∆mµ from the light-curve
fit model, as described in the text. The cumulative probability for a given χ2

ν value is displayed on the right-hand side. The blue shaded region corresponds to
the 1σ range of ∆mµ derived from the lensing map in Figure 13. The black and blue points correspond to SN Ib/c and SN II models, respectively, while the red
(SALT2) and magenta (MLCS2k2) points are the best-fit SN Ia models. None of these models is consistent with both the SN light curve and the lensing map
magnification prediction, but the CC SN templates do not span the full range of CC SN luminosities and light curves.
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Literature comparison

JM & CLASH 2014 (1404.1376)

<c_obs/c_sim>

1.31 [1.07-1.45]

1.16 [0.94-1.29]



CLASH simulations
MUSIC-2, 1500 re-simulated halos out of the 1 Gpc 

MultiDark box, 2x10^14 -- 2x10^15 M_sol, 6 redshifts.

Full control over analysis technique and selection
Analysis 

in 2D
<--
--> 

X-ray
selecting

CLASH

Meneghetti & CLASH 2014 (1404.1384)



Tailored comparison

JM & CLASH 2014 (1404.1376)

<c_obs/c_sim>

0.96 [0.80-1.06]
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F435W 17 28,8

F606W 10 28,8

F814W 43 29,1

F105W 29 29,1

F125W 14 28,7

F160W 27 28,8
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FF: Multiwavelength-Science

The Frontier Fields clearly focus on high 
redshift science

However, the target clusters are extremely 
interesting in terms of dynamics and 

components interaction.  

Many additional programs in multiple 
wavelength regimes: Bolocam/SZ, Chandra 

X-ray, Subaru/ESO wide field, VLA radio

Supernova search already on-going (60 
orbits HST-GO + Glass HST Grism programme



Conclusions
The standard model works fine on large scales but has to 
face some open questions on the scale of individual halos

Galaxy clusters are an ideal testbed for our understanding 
of structure formation

CLASH cluster mass profiles show good agreement with 
LCDM simulations once the selection function is controlled

CLASH gave unique insight into high redshift Universe and 
lensed Supernovae are confirming our lens models

The HST Frontier Fields will provide an even deeper look 
into the high-z Universe and cluster formation scenarios


